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INTr-OUUCTIOi: 



Thi<^ is a continuation of the development o-^ the V/ebt 

Standard Series of hi di splacenont-l»nrth ratio hulls. In pre- 
vious theaep rrer>en*'ed to Webb In'-titute of "o.val Architecture 
(1, 2, a parent hull of O .65 prismatic coefficient was 

developed. This hull, known as model V-S, has a displacement-length 
ratio of 30 ^ ^ beaje-draft ratio of 2 . 29 . 

It was felt that the next step in the development of the series 
should be ‘ho e;:7X'r''5. or. of *hi? p.- rent )'u11. The decision was made 
to vary the dispT.^ceice t-lengti’. ratio, while maintaining the pris- 
matic coef^icleiil , len,-'th, and bear-iraft ra tio of the parent. In 
order to cover the r- 'V'e of tra\vler dispiacemo.nt-length ratios, a 
.mxiraum value of 500 ^ minimum of 200 were selected. The dis- 

placement-length rati.s selected were 5 OC, UOC, and 200. Those. 
Including the parent form of 3 OO displacement-length ratio, provided 
a uniform '^erie.s for study at constant ]rismatic coefficient. 

;\jiother reason for the selection of 200 as the minimum va.lue v^^as 
that this figure correnponded to the upper limit of the Taylor 
Standard .Series as reana.lyzed by Gortler (5)- 

This tiiO^ls cojisirts of Uie development and testing of three 
models which embody these changes in displacement-length ratio. The 
model tost results are expanded to the 100 foot ship and compared 
as a series as well as with individual ships of similar displacement- 

lumbers in parentheses refer to references listed in the 
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■ •t r-'.tio and prismatic coefficient. 

'!’he 200, 40C, and diaplacenent-length models will here- 
fter be referred to as ’.'-10, V-11, mi V-l'o respectively. 
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IF^STGM 

Tho of the three modele required the eicpeneion of the 

lines of V.'-G in p nnnner such that the displacement -length ratio 
varied, while the beam-draft ratio and prismatic coefficient remained 
the 5 ?jne. This was effected by varying the bean and draft of W-g 
by F given factor and inalntRlning the model length of four feet 
between perpendlculnrc. The required factor was determined to be 
the square root of the ratio of the displacement-length ratio of 
the nev model tc that of W-F, i.e.J^OoJ^O z . FI 65 . i/400/300 = 1.155, 
andy/5CC/30C - for models V.’-IO, W-11, and W-12 respectively. 

The offsets of W-B \.pre taken from the lines drawing (U) and 
are included in the Appendix as Table I. Tiie above factors were 
multiplied by these offsets to give tables of offsets of models 
V’-IC, V-il, and V-12. These tables are included in the Appendix as 
Tables IIA, HE, and IIC. From the offsets, the lines drawings of 
the tiiree new models were constructed and are included in the jacket 
01 the back cover. 

A summary of clmracteristice of models V-10, W-11, and W-12 is 
also included in the Appendix as Table III. 
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CC::STRUCTIOK 

All three moiels V'ero conr tructed fron lifte of cl!;e.r ougar 
l^ine of approxim-tely 1 3/*’ inch Lhickneer, . Hr' If-lreadtirc were 
tal'icr from the hody plan and the vratcrllnct; v/erc dra'Am on the 
apj-ropriate lifts. I'he lifts were cut siit^htly oversize to insure 
thiit adequate natci'ial ves rvaila-hle for final flnishint^ of the 
aodel. Material was ronoved from the inside of all lifts except the 
botto-m lift in order to li^rhten the trei^jht of the model and permit 
space \;ithiin the .vodcls for tov.-iipc fittint^s anl for ballasting. At 
the ead of each lift, tongues of approximzitcly tnrf c in xongth 

were left. These tongues v;cre then bored and vrere used as an a^d in 
aiigamont during the gluing process. The lifts v/ere placed in 
appropriate order on top of one anotner and glued in a gluing press 
Ubing Weldwocd glue. 

Templates were constructed of Herloch cardboard for all stations 
incluii.ng hi'-if stations at the ends, aa v/ell as for bow and stern 
profiles. Centerlines and station locations v/ere mfirked on the models. 
Edges of the lifts v/ere cut away until a relatively fair surface was 
obtained; teapiatas, with centerline and deck line marked thereon, 
were then useu at appropriate stations and at the bow and stern to 
bring the model nearly to the desired s.hape. Special planes, gouges, 
files, and chisels v;ere used during this phase of construction. With 
the models now slightly oversized, sandpaper of varying degrees of 



coarseness was used until the templates fitted accurately and until 
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a fair surface was obtained in between station locations. Vlstial 
sightinjj and battens were einploysi to assist in the fairing procoss. 

Seven coats of varnish were used in finishing models W-10 and 
'y-Il, while five coats 'were applied to W-1?. After the application 
of the first coat, conventional sandpaper was ased to remove most 
of the varnish. After each subsequent coat, wet and dry sandpaper 
of increasing fineness v/as used until a highly smooth surface was 
obtained. Three coats of varnish were applied to the interior of 
she models as a soul against nolst'uro. 

Blocks wore mounted on the docks of each of the models, two 
foi'ward and tv/o aft, to support the wire freeboard gages. These 
blocks were carefully sized ao that the top S'urface of all four 
Hocus was at the same height above the designed waterline. This 
por.nittod rapid remova.. of trim and heel for model testing. 

Tov/ing and accelerating strut brackets constricted of aluminum 
ware inctallai on eacli of the models. Models ',v'-ll and W-12 had 
1/3 inch thick towing brackets; all other aluminum fittings were 
of 3/32 inch. 

A special 1/3 inch towing bracket was mounted on models W-11 
and W-12 for iiigh speed runs. An additional bracket was installed in 
the bottom of each model beneath tho deck accelerating strut 
bracket. The purpose of these special fittings is described under 
Model Testing Procediire, 

After completion of bare-hull resistance tests, pins were Installed 
on the hulls forward to provide turbulence stimulation. The method of 
installation is described under Turbulence Stimulation. 
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MODEL TESTING PROCEDDHE 

Each of the models was tested under three separate conditions: 

1) bare hull, 2) with a specified nxiraber of turbulence stimulating 
pins, and 3) with apuroximately twice the original number of pins. 

The reasons for these separate runs are fully described under Turbu- 
lence Stimulation. 

The models were towed at their respective design displacements 
in fresh water of 80° F. All testing was performed with zero heel and 
trim. The length of the towing run was 35 feet. The towing point was 
located approximately 2 3/4 Inches above the tank water level. 

For all testing of model W-lO, the small dynomometer was used. 
For the testing of models W-11 and W-12, the small dynomometer was 
used up to speeds in the vicinity of 3*5 to 4.0 feet per second. In 
all testing with the small dynomometer, the heavy spring at the upper 
position was used for pan weights greater than one half pound and the 
light spring at the lower position was used for pan weights less than 
one half pound. Testing the two larger models at high speeds with the 
small dynomometer was found to be impracticable due to the fact that 
a constant towing force was seldom attained. For speeds in excess of 
about 3*8 feet per second, a newly constructed large dynomometer of 
heavy construction, employing a water-filled dashpot, was used. The 
results were satisfactory, enabling the calculation of resistance 
values at speeds up to 5*1 f«et per second, corresponding to a max- 
imum pan weight of 3-975 pounds for model W-12. For use with this 
dynomometer, both models W-11 and W-12 were fitted with the special 
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towin,g "brac'cet referrei to in the section on Construction. 

Longitudinal travel of the models was limited hy the standard 
accolnrating strut bracket mounted on the deck of the model slightly 
aft of station 5* An additional slotted brocket v/as mounted directly 
bolow the accelerating strut bracket. A roller bearing attached to 
the bottom of the accelerating strut fitted in this slot to prevent 
transverse motion of the models in the event of directional in- 
stabl lity. 



TJRBTTE!:c:3 STIHUL^TTC’ 



Res'ilts of bare hull testing of earlier trawler modeln at Webb 
Indicated that Isnlnar flow could be expected, over a l^rge speed range 
in models of high dlsjyla cement-length re.ti'^ with vee-shaped sections 
forv.’p.rd and a large entrance angle. It was obvious that models W-11 
and W-12, with di splacenent-length ratios of UOO and 500 respective- 
ly, and with relatively large entra.nce angles of pb.R® end 26^ t would 
produce laminar flow. Model W-10, with a di splacement-length ratio 
of 200 and an entrance angle of Ig®, apneered less likely to give 
trouble from lajminar flow, and, as bare hull tests of this model re- 
vealed. lamln?!.r flow existed over a. much shorter range than for the 
other models. See Figures lA, U, and 1C. Results of Tasting. 

In accordance with the reco'^mcnded testing nrocedure of Professor 
C. R. Krvitt (5), v:hich ■orocedure was based In part on a series of 
turbulence stimulation tests carried out by Messrs. Franklin and 
Sc.hwendtnrr (7), the follo’-'ing s*ep9 were taken to insure satisfact- 
ory turbulence stimulation; 

1) A water temperature of gO® F. was maintained in the model tank 

2) A time Interval of twe minutes betvrcon run'* v-rc used for tests 
except for the tv'O larger models in the high speed range. At 
high speeds for these models, a 2 1/2 minute interval v;ae 
selected as the shortest tine in which to allow waves in the 
tarik to be damped out. During slov: speed tests, alternate 
high and low speed r<ans were carried out. 
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3) Tur'bulence vas induced 'by noin'.blnt’ turtulence stimulators 
nt the "bows. The stimulators, fabricated from braes round 
stocVr were 0.125 Inches In diameter and 0.035 Inches in length, 
and wore drilled to receive pins for mounting on the models. 

To locate the stimulators, or pins<, on a model, a tangent was 
constmctod to the stem profile at the design waterline. The 
pins vero placed on a lina constructed para,llal to this tan- 
gent at a distance of 4 Inches from it, measured along the 
design waterline. The line of pins extended from the design 
waterline to the keel, on both sides of the model. 

It was necessary to establish some means of determining when 
sufficient stimulation had been produced to eliminate the laminar 
flow condition over a satisfactory range of speeds for all models. 

Each model first v;?.3 tested v/ith no stimulators attached. It was then 
tested v,dth pins widely spaced, which produced a curve of nlgher re- 
sistance values than for the bare hull condition. It was concluded 
from this that certainly much of the laminar flow surrounding the 
model had been eliminated. It has been suggested that the increased 
drag of the pins is compensated for by the decreased frictional re- 
sistance due to assumed laminar flov; forward of the pins (6). Henco, 
the resistance curve thus obtained was representative of actual cond- 
itions provided that fully turbulent flow existed. In order to insure 
that such was the case, a third series of runs was conducted, this 
time with the pins more closely spaced. In every case the resulting 
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resistance curves coincided with those obtained with the pine spaced 
farther apart. Obviously, turbulent flow existed at both conditione 
of pin spacing. Despite the greater drag caused by the increased number 
of pins, the resistance remained constant, indicating that overstim- 
ulation had very likely decreased frictional resistfince aft of the 
pins sufficiently to cancel out the pin drag (6). 

Model V-10 was Investigated first, up to a speed-length ratio of 
1.?, in the bare condition. The model was then investigated with pine 
spaced at l/2 inch, poad finally throvigh its entire speed range with 
pins spaced l/U inch apart. 

The results obtained on model W-12 Indicated that ])in spacing 
could be increased somewhat on lower displacement-length ratio models. 
Hence the pins v^ere spaced 3/^ inch apart on model V-10 for its first 
test with stimulation. This spacing vur then reduced to 3/S inch for 
the final runs. 

Model V-11 was tested with the same pin spaclngs that were used 
on V-12. 

Figures l^t , IB, and 1C show comparisons between the results of 
tests performed with and without pins. In tl.e case of model V-10, the 
bare hull reslsta.nce coincides with the resistance obtained with pins 
at a Froude number of 0.?7 end above. From this result, it is seen 
that the bare hvill becomes fully turbulent v^hen this value of Froud.e 
number is reached. Models V-11 and V-12 both showed a definite differ- 
ence between the bare hull resistance curve a.nd that with pins p.dded. 
The authors believe that this difference is due to lamimir flow for 
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the hare hull throughout the speed range tested, and not due to in- 
creased drag caused hy the pins. 

It is believed that the curve of resistance with pins is reliable 
down to a Froude number of about 0.20. Above this number, the evidence 
indicates close to fully turbulent flow for all models. A oloser 
scrutiny of the curves for ¥-10 and W-11 indicates that no serious 
laminar flow exists above a Froude number of 0.16 for the former and 
of O.IS for the latter. 

The resistance cxirves for all models are therefore considered 
quite reliable in the design speed range from a speed-length ratio of 



0.7 to 1.5 
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HESULTS or TESTING 

Valid points from testa of models W-10, W-11, and W-12 are shown 
in Figtires lA, IBi and 1C respectively. Data is plotted on a scale of 
^ versus Froude number. Speed scales in feet per second and 
V/JT" ratio are also included. The tabular calculations, of Cfnj and Cj. 
also appear in these figures. 

Figures 2A« 2B, and 2C are S.N.A.M.S. standard test report forms, 
showing the expansion of the test results of W-10, W-11, suid W-12 to 
resistance and effective horsepower values for the one hundred foot 
ship. Much additional data on the models is also included on these 
forms. 

Approximately two hundred points were taken for the resistance 
curves of each model. Repetition of points on different days was 
readily obtained. Results were generally consistent throughout the 
testing period. 
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1,007 


1 . 040 


s 


1.296 


1.^5S , 


1.622 


,1.734 


1 . 9^6 


2. 1C7 


2.269 


2.351 


2,431 


P.510, 


V 


5.37 


b.04 . 


6.72 


7.39 


3.06 


3.73 


c.4c 


9.74 


10.07 


IC.hO 


lO'^Rn 


. 72.9 


82.0 , 


91.2 


100.3 


109.0 


112.5 


127.6 


132.3 


136.7 


141.1 


lO'Cf 


. 2.17 


2.13 


2.10 


2.07 


2.05 


2.02 


2.00 


1.39 


1.98 


1.98 


lO'Cr 


0.95 


1.08 


1.19 


1.31 


1. *5 


1.63 


2.20 


2.qi 


3.43 


3.78 , 


lO^ACf 


o.uo 


C.4C , 


0.40 


0.00 


C.Uo 


C.Uo 


C.Uo 


o.Uo 


o.4o 


0.40 


10' c, 


, 3.52 


3. 61 , 


3.69 


, 3.73 


3.90 


4.05 


4.60 


5.30 


5.31 


6. 16 


lo'Cf S/V^^ 


. 21.33 


21.58 . 


22.36 


I 22.9. 


2^63 


2-. 54 


27.82 


32.12 


35.21 ^ 


37.33_ 


K. lot’ 


. .567 


.870 , 


.339 


.91c 


.939 


.975 


1.108 


1.276, 


1.400 


l.Usi 


R 


, 633 


827 1 


10U8 


1297 


1595 


194c 


2556 


316O 


3700 


•.190 


R/A 


. 3.19 


: 


4.2U 


4. h3 


7.98 


9.70 


12.78 


15.30 


18. 50 


PC. 95, 


EHP 


. 10. 3 


15. u 


22 


. 30 


40 


52 


74 


95 


114 


134 . 


Taylor ehp 




1^.2 , 


18 


t 20 


34 


4S 


80 








EHP/ TAYLOR EHP 


1.12 


1.17 , 


1.22 


j 1.20 


1.18 


l.CS 


.925 






— 



v/7^ 


.32 


.33 


.34 


.35 


.36 


.38 


.40 


.up 


.44 


•4d ^ 


V//L 


1,074 


1.103 


l.lUl 


1.175 


1.209 


1.276 


1.343 


1.410 


1.47 7 


1.510 


® 


^ 


2.675 


4.7o4 


2.836 


2,918 


7.080 


3.242 


3 . 404 


3,-565 


3 • 64n 




10.74 


11.08 


11.41 


11.75 i 12.09 


12.76 


13.43 


li.lO 


14. 77 


15.10 


lO'®Rn 


145.9 


150.4 


155.5 


159.5 


164.1 


173.2 


182.4 


191.4 


200.5 


I 205 . 0 


lO'Cf 


1.97 


1.96 


1.95 


1.94 


1.94 


1.92 


1.91 


1.90 . 


1.38 , 


. 1.38. 


10' Cr 


3.93 


4.10 


4. PI 


4.34 


4.56 


5.51 


7.05 


9.10 


11.70 


l.S17^ 


lO^ACf . 


0.40 


o.Ho 


O.Uo 


C.Uo 


0.40 


0.40 


C.4o 


o.Uo 


O.Uo 


o.Uo^ 


lO'Ct 


6. 35 


6.46 


6.56 


6. 58 


6.90 


7.33 


9. "^6 


n .40 


13.98 


15.45_ 


I03 Ct S/72/3 


38. 4g 1 39. 15 


39.75 


UO.Us 4i,gi 


47.50 


50.72 


69. 15 


8-. 64 


9 ■^.60 


CtiOt’ 


1.529 


1.556 


1.580 


1.609 1.661 


1.53d 


2.2d5 


2. 744 


3.364., 


3.720 


R 


4600 


>•975 


5370 


5790 


634c 


8010 


10610 


IU25O 


IjlUO 


22160 


R/A 


23.00124. 88^ 


26.85 


28.95. 


31.70 


4C.C5 


. 53.05, 


71. pq 


5500 ^ 


110.80 


EHP 


152 H 


170 


188 


209 


216 


314 




618 


869 


. 1029 


TAYLOR EHP 






] 
















EHP/ TAYLOR EHP 
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SHEET 



SHIP We0b Stampard 5eRiP-5 



MODEL NO W ' n 
APPENDAGES HONP: 




ARKS 



LABORATORY RMB WATER TEMP &0° ^ 2.5 

BASIN WATER COND 5 

BASIN SIZE 93.0'x »0 6 -5.0 ' model MATERIAL ^/opp 
MODEL LENGTH 4-00 ' MODEL FINISH Varni&H I76Z.5 

TEST_ . DATE turbulence 45 Pins 4"5pAt.N& 





WATERLINE BEAMS 
SECTION AREAS 
LCFo.539LAFT STA 0 
LCBo 515 L AFT STA, 0 
POINTS OF INFLECTION 
STATIONS 

12 * lb 1 8 





-X 




t 






1 


1 X 

4 


x-l 




c , 

, 5'.5e^ -f '4^.265 ,»ZO OOP 
. 6 85 5-54 . 3« 8 I S9 .000 
575 07.319 »72 poo 



.155 325 446 b46.GZ8 
250*348 5.19*2.99*2.69 



|.8To 


.97J 


J . 000 


945, 


.800 


.985 


I 000 


(OOP 


987 


90Z. 


■ 766 


.845 


867 


842* 


.749 


^60 


0.60 


0 00 


I 0 + 


I 93 



TOTAL 














1 V/^ 












4 




RESIST 


COEF 


lO^C, 














•t' -f- 


^a. 


f 




+ 








^4 


‘ • r 




! ■ ■ 


■ 


T 




/ • - 


20 . 


. 


r 


^ t 




* - - 






•6; 


■ * f 

t * + 














- 


I 




.1 




- 


- 


8, 


4- 


*- 


- r- 




4 — + 


- 


1 


4 






I 


. .1 .... 










16 22 




Ze .30 


34 


36 1 


4Z 


1 v//^ 



- tr 



^R 



'R 



000 
o. 059 

0. 90 

1. ZI 
24.5° 
se,.5° 



L 400 ft 
1.020 ft. 
hJ .4448 ft 
TRIM 0.00 ft 
0 55.73 lBS FW 
A.0256 TDNSS.W. 



V .693^4- 
S S.O(6 

OBL CORR 
Ay .345 
A^3..70 



FT"* 

FT* 

No 

FT* 

FT* 



IO%V/ViL 



6 02-^ 
!® 05 , 
6.09 
6 16 



nrl « 



.1© . .9058 
.20 *1 OOb 
.22 .1 107 
.24 ( 208 



6 35 .26 
'708 ,26 
^6.42 .30 
.^9 47 .32 
JO.03^34 
J0.7I .36 



1.308 
1-409 
I.SIO 
1610 
1.7(1 
I 0(2 



JZ.I7, ■ 58 I 9(2 

14 89 .40 2.0'5 



I ' si I , R n * 

^ts, ^ iio^c,v/;5l 



(8 64. .42 2.114 
23.80 ,44 r.214 



- 7 



* 

T 



K U . " 1 



lio’c* 'v 4 /gL‘ 

■4 J ^ 



* 

10 '^ 



4 



4- 

-4 

_1_ 






4 

-+ 

4 



/> 

■0 



1.9336 

0.92969 



LBS SEC*/FT^ 
2 10'®FT*/SEC. 



BASED ON L 






L-WL '^•'25T Lgp/Lvvi_° 
MOOIOLf 364-7 
7A0.I0L)* l«.76 

L/Bx 4.044 L/v"® 4.Z8 

STA. 0 
AFT STA. 0 



Co -480 
CCF -5ZZ 
CC0 i500 



Lwl aft 



S//EL 15.4-5 



WL 
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V - 11 

RATIOS AND COEFFICIENTS 





5.9^ 


Cp 


, 650 




.779 


- 


1 oo 


X 

CD 

V.. 

X 

CO 

1 


1.00 


X 

X 

\ 

X 

CD 


7.Z9 


Cx 


. 760 


Cp^ 


.634 


^X 


1 .oo 


®W)/Bx 


1 oo 


A/(O.OIOLf 


400 


CpF 


.61? 


^PA 


.687 




1.00 


C|T- 


.612 


V/(O.IOL)^ 


99 


^WF- 


.695 


^WA 


.654 


BKW/Bj(_ 


Konc- 


C] |_ 


.597 




4 »5 


^PVF 


.674 


^PVA 


.606 




None. 


T 


- 


S/V^^ 


5.40 


Cpg. 


.617 


^PR 


.687 


DR/B)< 


.187 






S/JKi 


1 5 68 


^WE 


.695 


*^WR 


.854 


i^/B)( - 


.125 








■494 


^PVE 


.6 74 


CpVR 


,606 


KB/H^ - 


— 















EXPANDED 


RESISTANCE DATA 










DIMENSIONS 


FOR IP C> FT. length 




L 


lOO OO 


FT. 


A 


400 tons s w 


T 59.'F 


FRICTION BASIS 


Bx 


25 51 


FT. 


V 


13991 ,FT^ 


/» 19905 LBS SEd/fT^ 


SCHOENHERR - SCHOENMERR 


HX 


1117 


FT. 


S 


5135 FT^ 


v' 1.2817x10'* FTHeC. 


ROUGHNESS ALLOWANCE 0.4 


TRIM 


O OO 


F T. 


REMARKS 







V/^ 


T-T^ 


.20 


.22 


.24 


. 26 


28 


30 


32 


34 


.36 


V//L 


} 6 04 


.6 72 


739 


.806 


673 


. 940 


1007 


1.0 74 


1.141 


1 709 


(R 


l_iZ96 


1.44 4 


1.586 


1.732 


_t.a76 


|_Zp20 


,7164 


7.303 


_7457 


_^.599.. 


V 


6 04 


6. 72 


7 39 


6.06 


8 73 


9 40 


10 07 


10.74 


1 1 41 


17.09 


IO'®Rn 


87.0 


91-7 


lOO.J 


109 ^ 


II&.5 


177 6 


136.7 


145 9 


155.0 


164.1 


10* Cf 


7.13 


7.10 


7.07 


7.05 


7.07 


7 OO 


1.98 


197 


1 .95 


194 


10* Cr 


, 1.53 


1.64 


1.76 


1‘3| 


2.16 


2.95 


4.34 


5,44 


6.04 


6 77 


IO*ACf 


040 


0.40 


0.40 


0.4 0 


0.40 


0.40 


0.40 


O 40 


0.40 


O 40 


10* Ct 


' 4 06 


4.14 


4 23 


4.36 


4-. 58 


5 3 5 


6.77 


?.&( 


8 39 


9. 1 1 


10^ Ct S/V^'^ 


, Z( 97 


72.35 


72.64 


73 54 


74.73 


78 88 


36.78j 


42. /7 


i45.30 


4 9. 18 


C '99* 


i -877 


.889 


.909 ^.937 
2087 7520 


.964 


/,/49 


1444 


1,67ft 


I.B07 


1.9 57 


R 


1320 


I«i6 1 


3105 


4 209 


6067 


8077 


973/ 


1(852 


R/A 


' 3.30 


4 15 


5 40 


6.30 


7. 76 


(0.57 


(5(7 


20 07 


24.33 


Z9 (>8 


EHP 


1 24.51 


34.75 i47.Z4 


67 .35 


&3 Z\ 


121 53 


187 64 


2G4.90 


341 lO 


440.03 


TAYLOR EHP 


i 




















EHP/ TAYLOR EHP 
























J : 





t 

1 
















V//^ 


38 


.40 


.47 


.44 ^ 














v/Tl 


1.776 


1343 


1.410 


1477 














(R 


7.743 


Z.^8>7 


^_5,03I 


3.1 7 5 ’ 














V 


17.76 


13 43 


14.10 


1477, 














IO'®Rn 


173 Z 


162 4 


1914 


700 5 i 














10*Cf 


1.97 


1.91 


1.90 


1 88 1 














10* Cr 


6.76 


1107 


1501 


20,00 














IO*ACf 


0,4^0 


040 


0.40 


0 40 , 














10* Ct 


10 56 


13.33 


1 7.31 


77.28 














10 * Cf s/ yz'* 


57(7 


7l 9? 


93.46 


120.79* 














©joo’ 


7 273 


7.664 


3.719 


^786 

+ 














_ R 


15 550 


ZI593 


30644, 


4 32 74, 














R/A 


3 8.8 7 


53.48 


76 61 


108. lej 














EHP 


eoo fee 


667(6 


13 77.7 


1963.1 1 












TAYLOR EHP 


i" ^ 


L 




i 
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SHIP Ia/f'BB 

MODEL NO W - / ?- 

APPENDAGES A'o/Vt' 
REMARKS 



W - 12 

MODEL RESISTANCE DATA 



SHEET 



icKie s 

w ■ /z. 






LABORATORY 
BASIN 

BASIN SI 2 E?Lfo'< /Oo' 



So 



WATER TEMP ^ \ 

WATER COND^'^f"-*- . f 
MODEL MATERIAL A* 

MODEL FINISH Y^RRnisH ^ \b'Glb 



MODEL LENGTH 4 Oo' 

/■; /fe, /R , E .7 , I , , 

TEST DATE/ '-T 7 /S-Y-^tURBULENCE *"y' /-i. .^i- hc t^c.. 



z 





J V//I 



2 ^, 

20 

/(o 



/2 

0 



a m 



‘ 7 fc 



o.:io 






,1 JP 



0 



'v/«/gL 



«t 'o*c,v/^ 'J".; 


«t '0*C,V/yTL ^c?-6 


R, io\ v/y^L 'Js-6 


, ,6 /fc. .2.0 


'I'YS 72. 2.1(2- 




1^3^, 22- , /Ota 
^.40 ,2-^ 207 

6 47 7 to j' ^o& 


7? (3 ^ 44 2 z/? 


■ 


7^8 , 23 , 468 
^■^3. 30 . 507 
^ .J^y.taoT 


I 

: i ; 


- 


- ,.'71° 

M 0(p 3C / 8// 


T 


. 


7 ‘J3 (?' 3& 7 7/1 




■ ' ? f 


"7646* 40 7 o<2 


T -t T ■ 


■r ■ L 4- - ■ 

+ f ■ 

1 


i ' ^ ^ 

I L J 



-i) 



'r 

»E 

^R 

'E 

'R 



0 JO _ 

a 03? 
0 ?0 
/. ^/ 
26 0 ° 
6 0 0 ° 



O . 



L 


4- 


FT 


By 


/ !9(7 


FT 


A 

Hy 


0 476 


FT 


TRIM 0 00 


FT 


d6? hi L0S 


FW 


L. J 


OJLOtdnS sw. 


V 


///? 


FT^ 


s 


2? 37 


FT" 


OBL corr 


No 




3 4 JO 


FT^ 


^v 


5 S 


FT.2 




LBS SEC 


7ft ^ 




xlO*FTVSEC. 



BASED ON Lt 






Lwl Lgp/LvvL 

MOOlOLr 45^ f 
V/(O.IOL)^ 

L/Bv 5. 6^ L/V*^’ 3.97 

Cq ,490 Cp 63/ T'S 2^ 

CCF SZZ ^pj STA 0 

CCB 
S//KL 



Lw,| AFT STA. 0 

/S.4ZS'- 



?IGUR3 2-C-l 



I 



23 



L/By ^ ' 

A/(OOIOL)^ 

W (0 lOL)^ 

L/V 



1/3 



2/3 



S/V 

sz/Kl 

'"B 



J 1 50 
3 *^ 0 - 
5 

^ (.m 



'-X 

CpF 

^WF 

CpvF 

CpF 

^WE 

Cpv£ 



V - 12 

RATIOS AND COEFFICIENTS 



(^50 
7b O 

ha 

G 15 - 

674 

6/7 

6?6 

6 ii 



^ w 

Cpv 

<^PA 

•^WA 

^PVA 

CpR 

‘"WR 



1 79 
6 34- 
,>92 

854 

606 

68^ 

.954 

hob 



* X''*M 
®X 

BKW/Bx 

bT 5 /Bj^ 

^/Bx 

i^/By 

KB/H^^ 



: (3 0 1 

/ ooo 
N 

i\ 0!\t 
Q;>. 

;23 



EXPANDED RESISTANCE DATA 

DIMENSIONS FOR FT LENGTH 



B|x /Bx 
•®WX^Bx 

C|T 

C|L 



OOv7 
/ ctoO 
612, 



L 


Q 

O 


oo 


FT 


A 


TONS SW 


T 


59 “F 




FRICTION BASIS 


Bx 


2R 


47 


FT 


V 


17484 ft’ 


/> 


L9905 LBS 


SEC^/FT'* 


SCHOENHERR - SCHOENHERR 


'^X 


1 2 


42 


FT 


S 


347/ ft^ 


t2 


12812x10“ 


ft4sec 


ROUGHNESS ALLOWANCE 0.4 


TRIM 


, 3. 


.3,3 


F T 


REMARKS 











MzJ^ 


2 O ' 


22 ; 


24 




V//L 


^IZ 


. 73 ? 


flOto 


' 47.5 


K 


; 5?2 


/ .530 


/ G/O 


' / 8/0 


V 


to 72 . 


/ 3 ? 


8 0 to 


' 8 76 


IO"«Rn 


7 / ^ 


/OO 5 


/to? 5" 


//8 5 - 


10 ’ Cf 


Z /O 


2 07 


2 oT" 


' 2 . 0 Z. 


lO’Cr 


/. /A- 


2.0 0 


E /3' 


2 48 


IO’a Cf 


0 40 


0 40 


O 40 


' 0 40 


10’ Cf 


4 - 7 3^ 


4 4 7 


4 6 0 


4. ?0 


10* ct s/v^'^ 


2/ 73 


2.5. oft 


'’ 3 . /'* 


i 23' 30 




.973 


.?/s 


743- 


! /. 00 J 


R 


,^ri 


Z4 370 


27 b / 


5 iol^ 


R/A 


4 So 


4 ?o 


3 ' ? ?. 


/ 4o 


EHP 

TAYLOR EHP 
EHP/ TAYLOR EHP 


5 


54 / 


7 ’ 


? 9 . 2 - 

t 



2.B 


1 1 


52- 


34 1 


36 


38 


740 


, / 00/ 


1 J/4 


/ 742 I 


/ 2o7 


1 2 /to 


/ ?5<3 


" -'56 


z z 2.6 


3 363 


Z .3 04- 


Z 64/ 


9 40 


/O 07 1 


10 . 74 


II 42 ' 


/ r y? 


/2 76 


/27 6 


/3o 7 ' 


/45T? 


t 


/64 1 


/ 73 2_ 


2 OO 


1. 79 ' 


/ ?7 


/.?3- 


1-94 


7, ?2 


33' 


4 5.''' 


5'eG 


.3T 7 / 


1 /2- 


7 Z6 


0 40 


' 0 4 o ! 


0 4o 


( 0 . 4 0 


(J 40 ’ 0 4 o 


5' 7 5" 


6.7~i ' 


7 to £ 


8 74 


7.46 


77 .S-d* 


27.>.? 


7l) 


,T 7 4 rt 


4.4 .2 / 


49..?3' 


. 4-7 a 0 


/. /07 


/. 383 


/ A'bS 


/ /;4 


/.744 


Z 57? 


3 0/59 


(c-j / 4# C? 


8/33 


1 0 //o ' 


15 7/0 


70600 


/0.06 


/3 5-3 


/7 4 / 


2 / 5“4 ! 


2 7.42 


3 7. 36 


745' 


2o9 


208 


378 t 


£07 


73^ 



v/y^ 


40 


42 


44 














V//L 


1.545 


(410 


)477 
















S 


Z. 7‘^5 


2.722 


3 OfoO 
















V 


13.43 


14 10 


14 77 
















IO‘«Rn 


/S 2.4 


191.4 


200 6 “ 
















lO’Cf 


1.91 


l. 9 o 


/ 88 
















10 ’ Cr 


IZ .6 1 


n.iyZ 


23.33 














lO’ACf 


0 40 


0.40 


0 . 4 O 


\ 












lO’Ci 


i 4 9 Z. 


/ 7 . 9 Z 


25-6/ 


1 












10 ’ Ct S/V 2 ^ 


T 7 . 0 f 


/oz 55- 


732.26 
















(g, 700 ' 


~ 3 . OG k? 


4. 073 


£T 262 . 
















R 


2 Jo^~JO 


39070 


353 ? 0 
















R/A 


B 3 .S 4 


73 . H 


//Q.ja 














EHP 


^ // ^0 


/«?/ 


zs-fz. 










... 






TAYLOR EHP 


L - — / 


1 


















EHP/ TAYLOR EHP 


h' 
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CONCLUSIONS 

a) A Compariion of W-8, V-10, W-11, and W-12s 

Figure 3 is a conjparison of the four models of 0.65 prismatic 
coefficient expanded to one hundred feet. is plotted against , 

as is the custom when comparing ships of different displacements. It 
is noted that the pattern of hehavlor of each of the lower three dis- 
placement-length veseels is quite similar. There is a definite hump 
and hollow in the resistance curve in the region of equal to 2.2 
to 2.S. These humps and hollows are caused hy variations in the 
behavior of surface waves generated by the model itself, as is well 
known. Superposition of a bow wave crest and the stern wave hollow at 
the stern tends to cause hollows in the resistance curve, while humps 
are caused by low water level at the stern when a hollow from the bow 
wave system coincides with the stern wave hollow (12, I3, l4). 

The interesting phenomenon here is the behavior of model W-12 as 
compared with that of the others. A plot of Cj. versus V//L ratio. 
Figure 4, is included in order to eliminate the frictional resistance 
effects and better observe the wave-making properties of the four 
models. It is noted that the residual resistance curve of W-12 crosses 
that of W-11 in the vicinity of the design speed-length ratio of 1.1. 
The hump and the hollow have become much less pronounced for this 
model. The humps and hollows of the resistance curve tend to flatten 
as the models become fatter, but It is seen that this flattening is a 
gradual process until the W— 12 curve is reached, when it becomes quite 
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rapid. It might he surmised from these results that a displacement- 
length ratio model of 600 would produce a residual resistance curve 
without any hump or hollow at all. Norwegian data (g) on fishing boat 
models of varying displacement-length substantiates this assumption. 

If the how wave had no influence on the stern wave pattern, then 
a smooth resistance curve, without humps and hollows, would he the 
result. Accepting this premise, the authors have been able to derive 
some tentative conclusions. No doubt the flatter resistance curve 
of W-12 is caused by some change in the interaction between bow and 
stern wave patterns. Observation of the wave profile of V-12 in the 
speed range where humps and hollows could normally he expected re- 
veals that the height of the second how wave crest diminishes markedly 
near the side of the model, reaching a low point at the model itself. 

It appears that this would result in less how wave Interference with 
the stern wave pattern and, therefore, a flatter resistance cxirve. 

Another possible explanation of the unusual shape of the resistance 
curve of W-12 is that the interference which could he expected between 
the how and stern wave systems is opposed by the formation of another 
phenomenon such as a third wave system. An indication of this is evident 
in a definite disturbance in the how wave pattern at a point on the 
hull near the low point of the first how wave hollow Just forward of 
amidships. 

It is also considered entirely possible for a combination of these 
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two effects to be occurring, l.e. there is a decrease in the effect of 
the bow vmve system on the stern wave system coupled with the formation 
of a third wave psttern. This combination could produce an overall 
decrease of the expected humps and hollows. 
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b) Coapaxlsons with ships of similar dleplRcement->length ratio: 

Figures ^k, 5B. and 50 are comparisons of models V-10, W-11, and 
W-12 expended to 100 foot ships, v'lth other vessels of similar dis- 
placement-length ratio and prismatic coefficient. In the case of models 
W-10 and W-11, the Japeinese data of Takagi (9) permitted comparison 
with a standard series trawler form. It was also possible to compare 
these models with resistance data based on a series of tugs compiled 
by Taggart and published by Roach (10). W-10 at the lower speed values was 

within the Taylor Standard Series range (5)i and hence, a third "series" 

comparison was available for this model. Due to its obesity, W-12 did 
not fall within the limits of any series and had to be compared with 

isolated vessels of high displacement-length ratio. Much useful infor- 

mation was obtained from a publication of fishing boat resistance data 
published by the Food and Agricultural Organization of the U. N. (ll). 

The probable presence of laminar flow at thd lower values of 
makes comparisons in this area of little value. Hence , observations will 
be confined to values above about 1.8. As previously noted, turb- 
ulence inducement on models of higher displacement-length ratios is 
necessary to eliminate laminar flow. However, many of the resistance 
curves given In the FAQ compilation (11) were determined with no turb- 
ulence stimulation. Ho discussion of turbulence stimulation is ment- 
ioned In Takagi. Inasmuch as the quantitative effect of the probable 
laminar flow Is Impossible to determine, no such allowance has been 
made on the comparative plots. However, it is to be noted that, the 
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curves of those ships nur.t be considered to be the minimum possible 
values of (^. 

V’-IO appears to be superior to all of the other comparisons with 
the exception of the Taylor Standard Series and a Dutch trawler listed 
in Figure as FAO 21. The inferiority of the Takagi form is at once 
obvious. It is noted that even vessels with lower prlsmatlcs (FAO 61 
and FAO 67 ) have considerably higher resistances. Particularly inter- 
esting is the fact that despite the apparent superiority of the 
Taylor and Dutch forms at the lower values, both cross over the V-10 
curve well belov/ a equal to 2.65i corresponding to the design 
speed-length ratio of 1.1. 

Similarly, W-11 appears to be quite superior to vessels in its 
range of displacement-length ratios. The Taggart "ship" has a most 
pronounced hump and hollow and the curve ends up well below W-11. 
However, at the designed (^ , equal to about 2.35 for this model, W-11 
is definitely superior to the composite tug boat form. Vessel FAO 79 
shows up very favorably in comparison, but the lover resistance values 
can probably be ascribed to the consldera.bly lower prismatic of this 
vessel. Note that turbulence was Induced on this model. 

At first glance, W-12 appears to be only moderately successful 
in- compBrison with the other forms. However, the TX-5 tug (one of the 
vessels used by Taggart in setting up his tug resistance contours), 

FAO J’AO U2Sb are the only vessels which fall below the W-12 

curve, and these ships have prismatic coefficients of .623i .618, and 
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„6llt respectively. The other three forms are well above V-12. respite 
the fact that these vessels are above the 0.65 priematict observation 
of the relative positions of all the curves Indicates that V-12 is def- 
initely a good form. It will be noted that there is a definite le.ck 
of humps and hollows In these curves, as might be expected for vessels 
in this displacement-length range. 

Unfortunately mar.y of the conparlsons had to be made with vessels 
of varying length and differing friction formulation. Time did not 
permit rennalysis of this date,. However, from the somewhat artificial 
comparisons that have been made, the authors conclude that the displacement- 
length variations of the parent hull are very good hull forms and may 
be used successfully as part of a standard series. 
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c) Summary of conclusions: 

Models W-IO, V-11, and V-12 have resistance curves which are gen- 
era-lly lower than the majority of existing vessels of similar prismatic 
coefficient and displacement-length ratio. It is felt that models of 
e standard series should exhibit this characteristic to provide a mark 
of excellence toward which designers may strive. 

Therefore, it is concluded that these models in conjunction with 
model W-2 will constitute an adequate and extremely useful series. 
Furthermore, it is considered that the range of 0.65 prismatic coeffic- 
ients has been sufficiently explored and that the development of the 
series at other prlsmatics should follow. 
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TABLE III 

SUMMARY OF TRAWLER MOEEL CHARACTERIS'^ICS 



MODEL 



L. 0. A. 


in . 


L. W. L. 


in. 


L. B. P. 


in . 


Beam, mid. 


in. 


Draft, mid. 


in. 


Draft, extreme 


in . 


Displ. in 80°F F. 


W. in. 


Wetted Surface 


sq. ft. 


Drag B. P. 


in. 



Freeboard to gage blocks in. 
Beam- Draft Ratio 
Displacement-Length Ratio 
Block Coefficient 
Prismatic Coefficient 
Midship Section Coefficient 
Waterplane Coefficient 
Vertical Prismatic Coefficient 
Dragy/L. B. P. 

L. C. B./l. B. P., aft of F. P. 



W-10 


W-ll 


W-12 


53.55 


53. 55 


53.55 


49. 50 


49. 50 


49 . 50 


40.00 


48.00 


48.00 


8.66 


12.24 


13.68 


3.77 


5.34 


5.95 


4.33 


6.12 


6.84 


7.87 


55.73 


69.67 


3. 55 


5.02 


5.59 


1.18 


1.66 


1.86 


3.13 


3.97 


4.45 


2.29 


2.29 


2.29 


200 


400 


500 


.494 


.494 


.494 


. 650 


.650 


.650 


.760 


.760 


.760 


.779 


.779 


.779 


. 634 


. 634 


. 654 


.0245 


.0346 


.0387 


. 5155 


.5155 


.5155 
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W-l 


W-2 


1 

W-3 


W-4 


W-5 


W- 6 


W“7 


W-8 


W-9 


W-IO 


W-II 


W-»2 
















- 






























1 












Length 8. P. 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


iOO.OC 


















Length, L.W.L. 


102.62 


102.62 


102.62 


101.94 


102.60 


103.5 2 


101 .92 


103.12 


105.00 


10 3 U 


103.12 


103.12 


















8ecm, Mid. 


2 1 .44 


21 .44 


21.44 


20.0 1 


23.04 


21.44 


21.44 


22.08 


22.08 


18.03 


25.51 


28.47 


















Draft, Amidships 


9.2 7 


9.2 7 


9.29 


8. 73 


10.02 


9.33 


9.33 


9.65 


9.66 


/.do 


M.I2 


1?.4L 


















Drog, 8osed on L.8.P. 


2 .14 


1.3 1 


2.14 


2. 14 


2. 1 4 


2.14 


2. 14 


3.00 


2.50 


2.^5 


3.46 


3.0 7 


















Displocement, S.W. , tons 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


200 


400 


5C0 


















Wetted Surfoce, sq. ft. 


2667 


2662. 


2727. 


2635. 


2791. 


2721 . 


2637. 


2715. 


27 12. 


2 216 


3135 


349i 




















• 










































< 


•- 














« 
























Block Coef. 


0.528 


0.528 ' 


0.527 


0.598 


0.455 


0.524 


0.525 


0.494 


0.492 


0.4 94 


0.494 


0.494 


















Prismatic Coef. 


0.652 


■ 0.652 ' 


0.652 


0.650 


0.650 


0.649 


0.648 


0.650 


0.650 


0.650 


0.650 


0.650 


















Midship Section Coef. 


0.810 


.0.810- 


0.8 09 


0.921 


0.700 


0.807 


0.810 


0.760 


0.758 


0.760 


0.760 


0. /60 


















Woterplone Coef. 


0.790 


0.701 


0.863 


0.78 7 


0.78 8 


0.800 


6.7 7 3 


0.779 


0.766 


0.77^^ 


0.779 


0.779 


















Verticol Prismotic Coef. 


0.6 68 


0.753 


0.61 1 


0.7 6 0 


0.5 7 7 


0.655 


0.679 


0.634 


0.642 


0.634 


0.634 


0.6 3 4 






































































































L8.P./ 8eom 


4,665 


4.665 


4.665 


4.975 


4.340 


4.665 


4.665 


4.529 


4.529 


5.546 


3.92’ 


3.512 


















L.S.P./Droft Amidships 


10.79 


10.79 


10.76 


1 1.45 


9.98 


10.71 


10.71 


10.38 


10 35 


12.72 


B.99 


8.05 


















8eom/^Droft Amidships 


2.31 


2.31 


2.31 


2 30 


2.30 


2.30 


2.30 


2.29 


2.29 


2.29 


2.29 


2.29 


















Drog //L. 8. P. 


0.0214 


0.0131 


0.0214 


0.0214 


0.0214 


0.0214 


0.0214 


0.0300 


0.0250 


0.0245 


0.0346 


0.0387 


















L.C.8./L.8.P. , Aft of F.P. 


0.5154 


0.5152 


0.5152 


0.5150 


0.5157 


0.5153 


0.5155 


0.5155 


0.5150 


0.5155 


0.515 5 


0.5155 




























































A/(0.0IL)3 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


300. 


200 


400 


500 


















V/ (OrOOJ L)^ 


10.5 


10.5 


10.5 


10.5 • 


1 0.5 


10.5 


1 0.5 


10.5 


10.5 


7.0 


14.0 


17.5 


















S/WL 


2.60 


2.59 


2.66 


2.57 


2r72 


2.65 


2.5 7 


2.65 


2.65 


2.65 


2.65 


2.65 






































































































\yz Entronce Angle, degrees 


21. 


8. 


37. 


20. 


21. 


2 0. 


2 2. 


22 . 


<9. 


18 


24.5 


26 


















Toylor "t" 


0.60 


0.60 


0.60 


0.60 


0.60 


1.60 


0.25 


0 90 


0.90 


0.90 


0.90 


0.90 
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EHP 



TABLE V 

FORMULAE SYMBOLS 

Frictional- res is t£*nce coefficient, 

w?iere V is in ft/sec 
Residual- re si stance coefficient. 



Rf 



2 



Ri 



gbV 



Total-resistance coefficient. 



Ht 



|sv' 



Total-resistance coefficient (circle coefficient 

, \ 1000 S p 

systen), 

Speed coefficient (circle coefficient system), 

y Att 

V 6 

where V is in ft/sec 



Effective horsepower, q 

t 2 



550 ft-lb/sec 



= 



Reynold's number. 



y 



where is knots 

A = 0.00438^3 



where V is in ft/sec 
L = L.W.L. 



Rf 

Rr 

Rt 

s 
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